INTRODUCTION
Epidermal papillomatosis is a skin disease characterized by white, smooth, ovoid tumors on the skin, fins and lips of fishes. It has been reported in several fish species (Bylund et al. 1980 , Möller & Anders 1986 , Lee & Whitfield 1992 , Mellergaard & Nielsen 1995 , Premdas et al. 1995 . Papillomatosis has been associated with herpesviruses in several fish species including koi carp Cyprinus carpio, smelt Osmerus eperlanus and rainbow smelt O. mordax (e.g. Hedrick et al. 1990 , Lee & Whitfield 1992 , Sano et al. 1993 , Morrison et al. 1996 , but not all studies have been able to demonstrate an association with viruses (e.g. Lamas et al. 1990 ) and some have identified papillomaviruses (Edwards et al. 1977) . Latent infectious agents of papillomatosis are suggested to be permanently present in the population with only a part of the population developing tumors (Lee & Whitfield 1992 , Sano et al. 1993 ). The disease is common in roach Rutilus rutilus populations in the current study area .
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Resale or republication not permitted without written consent of the publisher (e.g. Álvarez et al. 1998 , Scapigliati et al. 1999 , Kortet et al. 2003a ) and parasite load (e.g. Pilcher et al. 1989) . In males, seasonal changes in immune functions and parasitism are suggested to result from androgen-induced immunosuppression (Folstad & Karter 1992) . In roach, the occurrence of epidermal papillomatosis is known to peak during the spawning period and to be more common in males than in females . Moreover, plasma testosterone concentration is known to be higher in papilloma-infected roach males than in healthy males (Kortet et al. 2003b) , although this is unlikely to explain the gender difference in the prevalence of papillomatosis, since female roach have a concentration of testosterone equal to that of males (Vainikka et al. 2004) . In addition to androgen stress (Premdas et al. 2001) , several physiological stress factors, such as anoxia and environmental pollutants, may cause papillomatosis to erupt in fishes (Mellergaard & Nielsen 1995 , Premdas et al. 1995 . Roach spawn in shoals: males develop breeding tubercles and show territorial behavior, and females choose males to some extent (Wedekind 1996) . Moreover, roach may make long migrations just before and during spawning (Mills 1991) . Therefore, spawning may be a significant source of stress in roach. However, little is known about the relationship between cortisol, the most important teleost stress hormone, and the occurrence of diseases during the spawning season.
Cortisol has been shown to suppress some immune functions in fishes (Weyts et al. 1999) , although it has multiple other functions in fish metabolism (Mommsen et al. 1999) . Roach show a decrease in spleen size and a lowered migration activity of head-kidney phagocytes during spawning (Kortet et al. 2003a ). These facts suggest that cortisol may have some role in breeding-related immunosuppression and possibly in the outbreak of epidermal papillomatosis. On the other hand, little is known about the significance of epidermal papillomatosis in fish physiology and stress state. Finding stress sources in natural conditions could help to prevent the occurrence of fish diseases, and thus facilitate better fishery management.
The aim of the present work was to study cortisol concentrations in roach during and after spawning and to examine the relationship between plasma cortisol concentration and the intensity of papillomatosis in a wild population. Sex, breeding tubercle ornamentation, hematocrit and relative spleen size were also examined to visualize papillomatosis occurrence in an evolutionary context. Roach is not a species of economic importance, but due to its generality and common use as a model species in evolutionary ecology (e.g. Kortet et al. 2003b , Vainikka et al. 2004 , knowledge of its spawning and diseases is needed.
MATERIALS AND METHODS

Fish.
We collected 2 samples during the roach breeding season by angling in Lake Jyväsjärvi (62°14' N, 25°46' E). A pre-spawning sample of 20 healthy and 20 diseased male fish and 10 healthy and 10 diseased female fish, and a post-spawning sample of 10 fish of each group were required for the study. During spawning (May 15, 2003) 65 mature, unspawned, but sexually mature specimens (Table 1) (Table 1 ). Fish with 1 or more tumors of at least 2 mm 2 in size were regarded as infected and those with no visible signs of papillomatosis as healthy. Preliminary cursory examination in the field was followed by detailed examination in the laboratory.
After capture, the fish were immediately anesthetized using 0.1% MS-222 (Sigma Chemicals) and blood was sampled within 3 min from the caudal vein using a heparinized needle and a syringe (Heparin Leo, Leo Pharma). All fish released milt or eggs when their abdomen was mildly pressed under anesthesia. Sex was determined on the basis of breeding tubercles and gonads. All the sampled fish were examined in the order in which they were caught (practically random), and those not suitable for our study (already spawned/unripe, wrong sex, wrong papillomatosis status) were killed immediately and analyzed for the prevalence of papillomatosis (May 15) or released back into the lake (May 21). To approximate the prevalence and intensity of papillomatosis in the current study population, a total of 135 individuals (including these 65 fish used for cortisol analyses) caught randomly on May 15 by angling were examined. The fish were held in accordance with the 'Guidelines for the treatment of animals in behavioural research and teaching' (ASAB 2001) under license from the Ethical Committee for Animal Research of the University of Jyväskylä (LS-32/13.05.2003) .
Laboratory analyses. After blood samples had been taken, the fish were measured (total length), marked individually and placed on ice, together with blood samples, in 1.5 ml Eppendorf tubes. In the laboratory, the hematocrit was measured by centrifuging the blood in hematocrit capillaries (10 000 × g) for 5 min. Plasma was separated by centrifuging the blood in Eppendorf tubes (4000 × g) for 10 min and was stored at -72°C until analyzed for cortisol concentration.
After hematocrit measurement and plasma separation, the fish were dissected and their mass without intestinal organs (carcass mass) and the mass of the spleen were determined. The relative mass of the spleen (hereafter referred to as 'splenic index') was determined as 1000 × the mass of the spleen divided by the carcass mass. Condition factor was calculated for each fish using the equation, K = 1000 × M C L T -b , where M C is carcass mass, L T total length, and b the slope of a regression of log 10 (M C , g) on log 10 (L T , cm). Male fish were categorized into 4 groups according to the breeding tubercle ornamentation on their lateral sides (see : (1) no-ornamentation; (2) very slight ornamentation; (3) clear ornamentation; (4) very rough skin and easily visible breeding tubercles. The classification of fish on the basis of their breeding-tubercle ornamentation has been shown to be highly repeatable (Kortet et al. 2003b) . In addition, the number of breeding tubercles on the frontal of male roach was counted (see ). The intensity of papillomatosis was determined by counting the number of scales covered by papillomas. The outlines of scales are visible even when covered by the largest papillomas (which were up to 2 mm in thickness). Moreover, the number of scales of a fish is fairly constant throughout its life-time and is thus a scalable measure of fish surface area. When papilloma were present in areas without scales, such as the fins, the area covered by the tumors was estimated as the number of scales that would be necessary to cover that area in that particular fish. Therefore, in the present study, papillomatosis intensity is given as the number of scales covered by papillomas in a diseased fish.
Determination of plasma cortisol concentration was performed in duplicate using commercial kits (Gamma-Coat, DiaSorin) based on the radioimmunoassay technique, using 125 I as a marker according to the manufacturer's instructions.
Statistics. The effects of sex, sampling time and disease status on the cortisol concentration, mass of the spleen and hematocrit were tested by ANCOVA using fish length as a covariate. Since post-spawning females and males lacked breeding tubercles, separate ANCOVAs for pre-spawning males were performed to analyze the effect of lateral breeding tubercle ornamentation on cortisol concentration, hematocrit, intensity of papillomatosis and mass of the spleen. Full factorial models with fixed effects were used, but only the statistically significant factors are reported. All descriptives in the results of ANCOVA have been adjusted for fish size (given by ANCOVA in the Statistical Package for Social Science (SPSS) program. Pearson's correlation analysis was used to study the relationships between plasma cortisol concentration, fish length, intensity of papillomatosis, number of breeding tubercles on the frontal of male fish, hematocrit and splenic index. A Student's t-test for independent samples was used to compare fish length and intensity of papillomatosis between males and females, and condition factors between healthy and diseased fish. To fulfill the normality assumption of statistical tests (using the Kolmogorov-Smirnov test), cortisol concentration, mass of the spleen, splenic index, number of frontal breeding tubercles and number of scales under papilloma tumors were transformed using a natural logarithm. All statistical analyses were performed using SPSS for Windows 11.0.1.
RESULTS
The prevalence of papillomatosis on May 15, 2003, was 75.8% for males (n = 62, length 178.1 ± 14.3 mm, mean ± SD) and 17.8% among females (n = 73, length 197.4 ± 16.1 mm). The mean intensity of papillomatosis did not differ between diseased males and females (30.4 ± 53.7, n = 47 and 44.4 ± 67.9, n = 13, respectively, t-test for independent samples, t = -0.79, df = 58, p = 0.436).
Plasma cortisol concentration in the roach was significantly higher during spawning than about 1 wk after (ANCOVA; F (1, 90) = 12.73, p = 0.001) (201.2 ± 28.9 and 66.1 ± 38.5 µg l ) during spawning (ANCOVA: effect of sex, F (1, 59) = 6.38, p = 0.014), while there was no difference after spawning (Fig. 1) . The interaction sex × infection status (ANCOVA; F (1, 90) = 4.25, p = 0.042) indicated that diseased males had a marginally higher concentration of cortisol than healthy males, but healthy females had a marginally higher concentration of cortisol than diseased females (Fig. 1) . Plasma cortisol concentration was negatively related to the length of the fish for the pooled material (ANCOVA; F (1, 90) = 5.67, p = 0.019), but only for females when the sexes were analyzed separately (Pearson's r = -0.401, n = 39, p = 0.011, for males r = -0.116, n = 60, p = 0.377). Sampled females were larger than males (Table 1 ) (Student's t-test for the length; t = -9.04, df = 62.53, p < 0.001). The plasma cortisol concentration was not statistically significantly related to lateral breeding tubercle ornamentation of males during spawning (ANCOVA; F (3, 39) = 0.62, p = 0.605) nor to the number of frontal breeding tubercles (Pearson's r = 0.060, n = 44, p = 0.700). After spawning, the breeding tubercle ornamentation of males degenerated and could not be analyzed on May 21, 2003.
The interaction disease status × time of sampling was a significant source of variation in the hematocrit values (ANCOVA; F (1, 91) = 6.77, p = 0.011), and was due to the marginally higher hematocrits of papilloma-diseased fish during spawning and the marginally lower values of diseased fish after spawning compared to healthy fish ( 
DISCUSSION
The present study recorded plasma cortisol concentrations at spawning that were nearly 20 times higher than those previously reported for unstressed roach outside the breeding period (see Pottinger et al. 1999) ; and a rapid, statistically significant decrease of roach plasma cortisol concentrations to one-third of the spawning-time values 6 d after spawning. These results suggest that roach are subject to severe stress during spawning. Furthermore, the stress may be stronger in males, as suggested by 1.25 times higher cortisol levels in males during spawning than in females. As the prevalence and intensity of papillomatosis have been observed to peak during spawning and to be higher in males than among females then, based on the above results, a relationship between cortisol and papillomatosis seems likely, e.g. as a result of cortisol-induced immunosuppression (e.g. Weyts et al. 1999 , Davis et al. 2003 . However, to determine the role of cortisol in papilloma development in fish requires temporal studies to determine if levels are significantly higher in specimens prior to development of papillomas than in specimens that do not evolve papillomas. Also, experimental manipulation of concentrations of fish plasma cortisol without other stress sources would be necessary to separate the effects of cortisol from the effects of other stress factors.
The insignificant correlation between plasma cortisol concentration and the intensity of papillomatosis among diseased fish suggests that visible papillomas are not the most harmful effects of this disease, i.e. the relationship between stress and tumor is not direct. Sano et al. (1993) found Herpesvirus cyprini in the cranial nerve ganglia and spinal nerves of carp Cyprinus carpio, suggesting that papillomatosis may also have non-visible internal effects on fish. However, the results of another study (Kortet et al. 2003c ) indicated that papillomatosis does not significantly affect the survival of roach.
The cortisol concentration could not have been affected by the sampling procedure in our study, because all fish were handled in the same manner (anesthetized with an overdose of MS-222 and their blood sampled within 3 min of capture). The plasma cortisol concentration of fish is known to increase in <1 h due to handling (Rottlant & Tort 1997) , but any increase during a ≤ 3 min handling period under anesthesia would probably be minor (Rottlant & Tort 1997) . Angling was presumed to be the most rapid way to sample the fish, as it enabled the fish to be caught and released into the water containing the anesthetic within a few seconds.
Reproduction in teleosts is accompanied by changes in the concentrations of sex hormones (e.g. Aida 1988) and immune functions (e.g. Álvarez et al. 1998 , Scapigliati et al. 1999 , Kortet et al. 2003a . Earlier studies emphasized the significance of testosterone on the development of papillomatosis in fishes (Premdas et al. 2001 , Kortet et al. 2003b ). Thus, in roach, hormonal changes associated with reproduction, such as an increase in testosterone (Vainikka et al. 2004) , could partly contribute to the development of papillomas in both sexes. However, as males and females have an equal concentration of testosterone all year round (Vainikka et al. 2004) , this is unlikely to explain the observed higher prevalence of papillomatosis in males. However, this pattern might result from oxygenation of testosterone to immunosuppressive 11-ketotestosterone in males (Watanuki et al. 2002) . Our results indicate the relationship between plasma cortisol and papillomatosis to be gender-dependent, as supported by the statistically significant interaction of sex × disease status (ANCOVA).
During spawning, male roach are engaged in territorial behavior, aggressive behaviors towards other males and courtship behaviors directed at females (Diamond 1985 , Wedekind 1996 . This may contribute to the higher cortisol concentration and stronger spawning stress in males than in females, as observed in the present study. Males also develop secondary sexual ornaments, breeding tubercles, during the breeding season (Wiley & Collette 1970) . The tubercles are keratinbased nodules which are induced by male androgens and detach shortly after spawning (Wiley & Collette 1970 , Kortet et al. 2003b Kortet et al. (2003b) . The present results indicate that cortisol may have a role in the interplay between androgens, ornamentation and papillomatosis, as plasma cortisol concentration was associated with the disease status and sex of roach, and the number of frontal breeding tubercles was negatively correlated with the intensity of papillomatosis in males. There was no sign of a relationship between papillomatosis and a general measure of immune response in fishes, spleen size. The spleen is involved in hematopoiesis, the clearance of pathogens and other foreign particles from the blood stream and antibody-production (Manning 1994 , Dalmo et al. 1997 , and a large spleen is thought to indicate good condition and the ability to respond to infection (Wester et al. 1994) . However, spleen size alone cannot be used as a measure of immunocompetence, since a large spleen size can also be an indication of infection.
The hematocrit values of papilloma-diseased fish were significantly lower after spawning than during spawning. As the hematocrit ratio has been used as an indicator of health (e.g. Munkittrick & Leatherland 1983 , Kortet et al. 2003a ), this result suggested that epidermal papillomatosis might have a physiological cost and lead to lower condition in diseased fish. However, this was not supported by the comparable condition factors of healthy and diseased fish after spawning or by the positive correlation between hematocrit ratio and plasma cortisol concentration. Other factors contributing to the low hematocrit values of papillomainfected fish could include co-occurring parasites or direct effects of papilloma-causing viruses.
As hypothesized, plasma cortisol concentration seemed to peak during spawning (concurrent with the highest prevalence of epidermal papillomatosis) in roach. The observed higher concentration of plasma cortisol in males than in females may contribute to the high prevalence of papillomatosis in males during breeding, although sex hormones probably play a contributory role. However, from these results it is impossible to determine whether high cortisol concentration in diseased males is due to papillomatosis, or whether papillomatosis has been caused by acute stress. Contrary to expectation, the papillomatosis intensity was not correlated with plasma cortisol concentration among the diseased fish, indicating that any relationship between cortisol and papillomatosis is not reflected in the severity of the visible disease. Experimental studies on the effects of stress on papillomatosis induction, such as cortisol-mediation, energetic trade-offs or toxic effects, are needed to elucidate the mechanisms that underlie the outbreak of papillomatosis during stress.
